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(54) SUPER-JUNCTION SEMICONDUCTOR ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: t 0 n r m/iH A a super-junction 
semiconductor element which prevents generation of electric 
field convergence and realizes a high breakdown voltage in 
the super-junction semiconductor element comprising a 
parallel pn layer in which a current flows in an on state and 
which depletes in an off state. 

SOLUTION: (1) A parallel pn layer of (n) drift regions 12d, 12f, 
12h ? 12j, 121, and (p) partition regions 12c, 12e, 12g, 12i, 12k, 
12m is provided outside an active region. (2) A first FP 
electrode 1 7a is provided on the (n) drift region 1 2d of the 
parallel pn layer outside the active region via an insulation film 
19. The first FP electrode 17a comes into contact with a 
surface of the inside (p) partition region 12c, or is floated. It 
may by across a plurality of the (n) drift regions. Furthermore, 
a resistor is provided between the neighboring FP electrodes. 
(3) There is provided an (n) stopper region which reaches a 
low resistance layer outside the active region in a vertical 
direction of the parallel pn layer. 
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BUD+SWEoRtKBMM-aaso. i^ijin8fi-C 
hi>o ioi5 4ft«tLfcti, IioflttMOS 

FETU, +»CBE4 0 0V*riURUfc. ot8, P 
(tttOWItl 2 biH^t*V>ptt«)^|S«cl 2 e, 
. 12 gf 12i, 12 k, 1 2mtt»3Btt«"C*oT^ 
-Ky^fcLTWIBU n KJ7HW1 2 

d, lg'f, 12h, 12j, 121ttn + KK^l 
1 1 &^LT KW>««fc«fcttfc»KtLTV^5*: 
ft, «^B»0tt«pn«ig©pn^a>e>teBLfc 

J: 5 fc*^fltto*B«*:2£<fcS*5£tt'C 

«4<, ^*fft^Kfi«tt*T*>as<b**5^fc#T? 

[JtiSWl] 0 214, *3KW<0*lfrW l OttSOjfitt^ 
MOSFET*H»SBOi5^8frffi@T?*>5o H©t*l# 
i«*0**t8**©jStt»l 0 a TfctK ««#HE 
fc#&1-5B»»i 0 br*>5 e 413, *»Htt* BE 
*$miN5B»»l 0bfcH1N5fc©Tfc^ m&tW 

U-tfi©MOSFETat 01 ll£0rM0£^L 

[0 0 2 5] B8 2fc*JV^ llH6Stt(0n^KW 
12ttnKJ7h««12a, P f±«3 >9 1 2 
birfrfeftSttJOpnlOKy^ MrfcS. SBJIK: 
14, pftB0««l 2 bfc*«LTp**/UtI«l 3 a 
##«&h/0*5. p**AHUl3aOrtJ|ltn*y 
^*W*1 4iSlS^p^^^ hfS«c 1 3 bfc# 

1 2 a fc Id&Sllfc p £ *;l/«tft 1 3 a 0«ffi±fcl4, 

16^ St n*y-7»j!l4ii(MOp*3^ 
* HHtti 3 b©*Bt#afc»||jrt-5y^«si 7 
#Rtt£>ftT^S 0 n* KM^ll lOBBtettKV' 
8aMK«tfeJxTi*5. 1 9|4*ffi»»*$J;tf 

BBofcfeottut-cfco* win mstitmkj&i'}) 
$$7* (psg) a»6>4s. y-*mffii7j4 s m<o 

ns:t^v\ b*l4^»£t\ ^-h«ffii6± 

l^^jRffl|co^-hS1£dsI9:lte>ixrv^5 e KJ7H1 
2afM#, £lT-Cttptt«!9B«l 2 bSr^fcfctt 
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yip nSS: Ky 7 Ml 2 tPp^r. tfc-fSo 
[0 0 2 6] n Ky 7h«tfiptt«9Wtf&©¥B« 

7#;b1rZ 0 4fcr<a||Jfi0i]-m, pfrx/MSMEi 3 a 
t^h7^f^Ti>^ UM>ptt«9WjEl 2 bco± 
#fcR«tfefi/CV5# % «TUti©J:5-cftitnwr4 
&4vMKTW:4<* 01 i<D±i\z y Z^fcHXta* 
h?^^*i1-5Cit"C*5 0 nKy7hS«ipft 
«0B«t©¥Bttft»«tLTf4, -fi&tel-^ffl 

[0 0 2 7] £G>3ll6« i oj0K^¥«#B?-o«tt«: 

sfets^ i o a <r>9\-m<om®& iob -m, y-*s 

ffil 7a5«j»LTV>5ft^HIJOptte3!9®«cl 2 c\Z.m 
.*+5n.K3 7 h««l 2 d±fc|fe«Rl 9 5r^try 

hfctil l 2 d ©*ffiJ!te p £K0 5 1 2 c ©tttt<0!B 

[0 0 2 8] -t IT, ^£>n Ky 7 hflB«l 2 d Icfttt 

(KTFPiEf) «ft2 o ajftSRtt&ftTfctK 
t©li-FPtl2 0a^»lttin K y 7 hflift 
1 2 f ±fcJ6»flli 9S:^tTSS*nT^T, nKy 

7 bfa® 1 2 f <Dmmm\z p tta t? 1 2 e comaco 

Tfc5 0 *bfct©^HW<optta9B«i 2 g, 12 

1, 12k(:g«lT»SZFP^2 0b, S£ 
FPtS20c, »E9FP«fi|2 0 d#Rlt6iX, 
fJlBSt5nKj7Hl«12h, 12 j, 12 1± 
KIBHRl 9Sr^tTJiS$ixT^5 0 ro«5gt4 > ^ 
»4SS*fftj*t)iI$tt5. @2«^MOSFETt? 
14, *EFPmffi*-?RftfeixT^5o 418, FP«S 

14, y^tii 7 tracT/i/^^^A^fltii-ai 

[0 0 2 9]iiH 4 0 0 V^y*(DMOS FETi 
LT, i WMWia«)E»4fto J: 5 4ttSr 

t5c n + KW^Il l^itfefetf40. OlQ-c 
m A I?$ 3 5 0 //m, KJ 7 Ml 2©f S3 Omo, 

nKy7hB«*jJ:tFpttftDB*oBi0Mm (+4 
fc^, lRlC®«^ c f 3 ^R92 0/zm) , ^^FftttftS 

2. 5X10 15 cm- 3 N pj7i^ffi«l 3a©J£tt«$ 
1 /i m, SS^tliftS 1 X 1 0 17 c nr 3 , n + y— 7s 
®#1 4O&SH3S£0. 3^m, ai^ttftHSlXl 
O 20 cm- 3 T*>5 0 *fc*6l»)»l 9f4K(bfli$rfflV> N J? 

Sf4i rhz> 0 z<D&£\m<Dmipnia^mu't 

5«JE<OR^BB«i"5#0. l-i jzniSg-CfcSo 
wOJ:5 4iRttt L*t#, Bi^jBg^MOSFET 
14, +»tBffi4 0 0VtrBJgbfc 1> 
[0 0 3 0] EI3J4, El2<oe^MOSFETfC4 0 
0V 0«£ESrEnJDLft»^i/5a. > 3 
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tt^0T?*>5. 1 0 0V Um&tiLUftvZht^ 

4b*,, g®-e©«#rt8fP2ft-C, **«ffttfl»* 

1 0 bT?rt:4<, SttSBl 0 a©&5i|p nil 2rtl^fc 
[0 0 3 1 ] I«3iitt*JEWe*5. t4b*>, ft 

ejje#**+5fc»K$8£**©$*#s*s« 

U BS©*?^**!*^ »ifl»l0bttt4<e 

ita i o a rtfc*><5«^fctt v **ftas«f»*«*t 

[0 0 3 2] HUM:. PPlo«Et«l:4*fci*oH2 
WttBT?*5. r©0*»e>, ^<v?n©FPw«iicra?> 

#>5, 4*3, B2««fR'5 - MOSFET©S<ii'1 : fi. &© 

asppJO^Six y-h«lil 6iiT©P^*^*l 
3i©*lBlfcflaBi*«B4^ n*y-*W*i4 

u h-wytffiH, y-^«jf 1 7iaas»it5. 

[0 0 3 3] y-MWil 6~©IE©flffiflStt!>4e>ft 

#iMt u • k w 41 1 8 » y-*«f£ 1 7 mm 

SJOgijtl 2bllp!)i/V®|l 3aSr^tTy-^H. 
*17-rtH*S*fC^5©^, pfrsA'WIElSain 
KP .7 MB^cl 2 a £©H©P ng^ Ja , pttWUffl 
81 2 bin 2 a i©|BJ©pn Jb 

fl»b*i^il2£«#nKP7M»J*12a-. ptt^O 
g«l 2 brtfci£#o-CwJie>#fi£fc**l'3. 
[0 0 3 4] pn«£jb a»feO?84Wi, nKP7b 
||1 2a©tS^|p]l*J!i:# l 9, L*>tifflll©pft«IfS 

5. lot, n KP 7 >BWel 2 a©*$fl»S$:Si«> 

12binK'J7t-Wl 2 aiSrSZI^«t5ri 

#itAt5J:9t~4-3-0^©T?, ££I$filc©fc»© 
ptW)0*«l 2b©$£t«£*aS-?£. n 
KJ7HI*i 2tOKBWOll*trB6rl:*-C# 

[00 3 5] «*©¥■©*«« KP 7 Mir 

«fo«lMOSFETm 4 0 0V^7^©iffiit 



KP 7 hll 2©Wfc«gi LTI15 x 

1 0" cm- 3 , J¥$3 0nmgS^l-efcofc/|5, #31 
JIM©igg[£MO S F ET n K P 7 MH# 1 2 a 
©*«**«* SS< Lfcriia^yt&fni LTIifa 

[00 3 6] 4J3, nKP7hW$12a©««:*5< 
U *HHMW*K<t*Ul <£9-l©*vffitt©i& 

[SS160S2] B5H, *36W©*^2©8El©iS«'& 
MOSFET©S5^»rii0rfc5„ (at, mosfet 

[ 0 0 3 7 ] 0 5 fcfc^-Ctt, y-*«l§ 1 7 
5**HH«> pttffl 8 WC 1 2 c n K P 7 MS 

JSl 2 d«±bHIMRi 9*4M/ty-*t*i 7*5® 

ft£ftrv^©»3i&0UJ:Et-T?;fc5fl 5 . &©?#« 

2 0a#, BfttSn KD^MHtfl 2 f <£&<2n K5 

P n«l»ifcKFPl«fettllDt8«iait*:#, 0 
5 -CB 2 fiflDMW P nl fctf LT 1 O CO F P ftffi&R ! t 
fchW&Z* IBZFP«ffi2 0bt>l5]1it?*5o 
[0 0 3 8] < 2 ) & 

ft* ± 5 fc*>««# n K 5 7 hfffiaH d fcttflt 

fc*9, *«4J0XWIftr«it5J:5Kft5. 
JHtW2©»*l!:H:, ***o«d#/h4<4oTtF 

[0 0 3 9] ffinB©Jt51pnlfcoV^"CFP««loS: 
K5»t83W4, BEE^dCR^fciotftftS^ftH 

FP«itt**Fft«E«W*t6«ift, Ml|^^2/ £ ^v^ 

[jtHW3] 06tt, B2©JOt«li«*S*fc*58 
Mtklfll 3 O«loa«*M0 S F E T0»£RffiHT 
fc!?, J?»tt9n^^MOSFET©aVfr'C*>5. 

[0 0 4 0] IO«lTttFPtli2 0B, 20b*ttp 
tt^5!B*12e N 1 2 g©Sffil-tttt*t"Cfcfci*, 
nK5 7h«*12f, 1 2h<D±.<DmBl 9<D±\Z. 

PHffi2 0a, 2 0b«ttfttWll 9©SIS:^tXE 

5llpnlliatf+wiisr#, H2 0MS01 tWW- 

[0 0 4 1 ] FP«*SrptW3 0««^>* 
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FPaS£Rttfi4v\ 

SFET©®£ 

[0 04 2] $&m 3 ©fijg£MO S F E TT?I4, &R 
©FPl«|ll|Ht«Ml4 4oTSi-r«^LT^6#» 
r ©0lT?(4 F P US 2 0 a , 2 0b «©n Srfettffll 2 
lfoiV^ifitfto-CV^. Il©J:5fciSttttflt2 
lfSaitSrtfcJ:!), #FP«S©«{i£3l<:@£ 
T?*5J:5fcLfcfc©-c*5. SMltlziatB, 

[0 0 4 3] 0814, *J8W*Sfi«l|5©« 

Il©&i^MOSFET©gR#Srffi0T;fc!J, ^ttfln 
xt^/WvIG 3 F E T r^TTfi, 

©F P«jiSrfflv^ lw«Kti«&ti LT^S. *4*> 

t 5 y as i ? > * -v -/ffla©fflaas 2 2 1 ©wic 

Ml 9fe^LTT»©atMp nll;il«W4«ffl:*4;*. 

[0044] mmm 6];m rw p 

*©SB#fo©flffltt»Wteo^tH:RWp nl©*B 
»*S£fltf»J-5fc©iL*:. RMpnJleJIftC/ 

pjW«M:atTP-*l«Wy-.*«Ki 7^i 
SHxii*, y-^«JfE©«^Srffi<i5»P)r$>5, 
[0 0 4 5] 44dK«ltt. *©MDW4©»Bttafci3 
V^T, i!?iilllc|i5»E-fbSriaix5fl|jii:Ltt©rfc 
5.09 (4, *^SJHJS«1 6 ©8§!©g&£M0 S F E 
TW^fy/OWcTIHUibi. ffi?IJpnllC 

U *-J&>&*BFP««2 0a~2 0 dfcRltfc. * 
f*f©*gg|!tt, ^SO^fciSfcfccd^RffifcR 
LTV**.. 

[0 0 4 6] ffifljp nlfc#LTM4flfflB£fctt> 
n£©WR2 3 (filT*hj"<W*fc*ta) &m-f 

7Hl2aiWCa»tJlKTi+«. r©n^h;y/-t 

sg$2 atio-c, y-^affi#y-^asi 7^tn 

iitf©«rK±-Ct5» 
[0 0 4 7] Wtiotli Hft©n^hy/<f|lt2 

3&Etit. ^rwraissr, i o o~5 o o mo m<om 



»4, JUMUKKfe-f, Hil«fij2~5©^ig(*:^llct 

lffl-e#5„ #KHJfiWSUfcJ:tfg5©Hffi0i|©ffifci 

[0 0 4 8] 4*5, ei±©lllt«ttV^4ltnf- + */U 
3!©MOSFET£ Lfcfl\ MOSFETft;ttt?4<, 
IGBT-etlBI*©a###e>ll6. Jfcpnm- 

y^^T?i>n«©3a*#»feHs. 

[004 9] 

TtttitfcRti t h£*7#1&X!,t&S.<£tZ1li-m 
■«S K y 7 h«* t $Z*«§!!ttfl 9 RJfi t £ 3»EfcB 
H Lfc 3fc5U p n 1 i Zffix. Zm&mto** \l J31 * 
T, $S*ft£8|5©/S 19 t^JIJ p n fcittfEg £ ft TV > 3 
ft:©, *7:W8t?»4, #l©pnj££ffia»6>22lasifl; 

wi., »^ett«affi©ia^icpgt,-f % n^isi^ziffi 

«*T?aSfll+5©-e, »**«»©»£#**< 4 

V\ ftoT, KP7h»t|Bffl©3J[5l|pn«itSr«fflL 
fcffl**¥*#»*fc*iV*Tt>. *^«»©BE#+ 
^t«2E$Jxxi<>5rtt46fc©, Ky 7 h9J©365i] 

p n#it©*afl:#**f. 8tta*wfl**©Rtte 

[00 5 0] 4ft:, iS14SR©^ffiiJ©t?iJpn^©^-# 

rifcioT, RE©«##«?P$*i, BWE?r§Slc 
S»T**J:5fc4o*:. FPSSli, rt«©!BZ»a 
Stt9J!)««aBCStt$-fr, R^ttSiS***. tttt 
©*-*tfflK9 7 m«fc*#orv^-Ct Av>. I 
t, (W+5FPaSB|t % «K*Rltiitf, FP1S 

©atti^fcaso. 

[0 0 5 1] 4ft:, 3£?i|pniliSiS^|6]|cffijgfetl4 
Titt5^-»®2i^ h y/<W*frRttS t lei 5 . 
iORUfcKREfls-eifiiitrwLfc. o4t), «- 
»ai^hy/<««*Rlt5rifcJ:i), ^ffi©SG5r 
Rjh+*ft©©f-t*^ h s^<t Lr*IBt«tf«»0 
t)\ *^JiSS©^Jpn»i|©pntlt)jgL4gffi (* 
Br®) Sr«oTV>5©T?, *©*»«#?■ ?7W-r$/ 

SH^na©Rj«p nS}it©iiffl§: Kwvattmfin* 

[0 0 5 2] iSiWE{k;©@^*«ftS^© 
Hm©ft.»l-, S*Tl$ft36M-rfc5. 

[01©fBi*4RW] 

[0 1 ] *^WH»j(0MO S F E T©gB#»rffi0 
[0 2 ] *«WHJSP|| 1 ©MO S F E T©gfi^^S0 
[03] Hlfi0!|l©MOSFETlCj3lt5aE4 0 0V 

Rpaoi»©att»#Bi 

[04] #FP©5>ffilE©»b^^t^tt0 
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[0 5 ] *36MHiSfiflJ 2 ©MO S F E T©g|5#$fffi0 
[0 6 ] *^BJHli^| 3 ©MO S F E T©gR##TE0 
[07] *%nmtM4 0MOSFETOA^»rSB 
[0 8 ] *JS9iJtttffl 5 ©MO S F E T©gfl##r®0 
[0 9] #?§$fSI£0l6©MOSFET©g|5#5Pffi0 

[0ib] i&fc© h uy^WMO S F E T©&&#rE0 
[011] h ioy<?§m&£rMO s F E T©$#»rE0 
[012] aflfe¥«WJre&tt3^¥*ft*?-<D:*-:/ 

[013] (a) tt^-Ky^tt*3iN»flc*-T-o<B 
#8x350, ( b ) \t7 -f h 
*©Sl5#i|fr®0 

[*H§-©*ftH!] 

1,11 n* KW^l 

2, 12 Ky 7 

3^ 13 p^i/Ufatf 



n* y— *n 



4.14 
5, 1 5 
6,16 
7,17 
8,18 
9, 1 9 
1 0 a 

1 0 b 

12a, 1 2 d, 

12b, 12c, 12e. 
2m p£t#)91iS« 

20a, 20b, 2 0c, 20d F P f||}£ 

2 1 ffifttt 

2 2 ffigtme 

2 3 n^hy<fflJS 



1 2 f , 1 2 h, 1 2 j , 12 1 



12g, 12i, 12k, 1 
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i 12C I2d 12l 12 f 
12 " D 

11 n« Kl/-<>» U n* V-xwi 
12t n K'J7b«* 15 V- VttffcSI 
12b pttQUfit* W y^tM 

13i p$*A«* " 1T 



12 1 12b lti 12 J 12k 121 12i | 
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12i 12b 
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12C 12d 12i 12 f 121 12 h 121 12 j 12k 121 12 1 | 



11 



18 ms 



12inKV7MW 15 y-HSMEr 
13a p<r*JHB« ' » V-atf 



20a I-fPtS id ft!* 
ZOblfZPPlfi 10bJ g*» 
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